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ABSTRACT
THE EFFECT OF MEMBRANE THICKNESS OF HYDROCARBON COMPOSITE POLYMER
TO FUEL CELLS PERFORMANCES. Polymertype'sfuelcellgeneratoraredependsonoxidantasfuels.For
hydrogenandmethanolfuel's oxidant,thereareprotonexchangemembranefuel cell (PEMFC) anddirect
methanolfuel cell (DMFC)'s type.Eachtypeof fuel cellsneedssuitablemembraneaselectrolytein orderto
gethighdensityof protontransferreaction.In thisresearchtheconductivityandwateruptakeof sulphonated
polyether-etherketon(sPEEK) withsilicamodifiedcompositehydrocarbonmembranein variousthicknessup
to 100J.lmwereinvestigated.The selectivityof protontransferreactionhadbeencalculated.In summary,the
ionicconductivityshowedabout10.2S.cm·1to2 S.cm·1andwateruptakeabout30-45(% w/w). In thethickness
between70J.lmto 100J.lm,theinfluenceof thethicknessmembraneonionicconductivitywasincreasedbytwo
timesthe ion conductivity.The sulphonatedPEEK with silica modifiedcompositemembranehaveclearly
shownasa goodcandidatefor DMFC applicationswith 90-100J.lmthicknessandfor PEMFC's is 70 J.lm.
Key words: Polymerelectrolytemembrane,Sulphonatedhydrocarbonpolymer,Ionic conductivity
ABSTRAK
PENGARUH TEBAL MEMBRAN POLIMER KOMPOSIT HIDROKARBON PADA KINERJA
FUEL CELL. Pembangkitfuelcell tipepolimerbergantungpadaoksidansebagaibahanbakar.Padaoksidan
bahanbakarhidrogendanmetanol,terdapatipeProtonExchangeMembraneFuel Cell (PEMFC) danDirect
MethanolFuel Cell (DMFC). Masing-masingtipefuel cellmemerlukanmembranyangsesuaisebagaielektrolit
untukmendapatkandensitasyangtinggidarirekasitransferproton.Padapenelitianini dilakukanpengukuran
konduktifitasdan water uptakeoleh polietereterketontersulfonasi(sPEEK) denganmembrankomposit
hidrokarbontermodifikasisilika dalamberbagaitebalhingga100J.lm.Selektifitasdari reaksitransferproton
telahdihitung.Dapatdisimpulkanbahwakonduktifitasionikmenunjukkanilai sekitar10S.cm-Ihingga2S.cm-
I danwateruptakesekitar30%w/w hingga45%w/w. Padaketebalanantara70 J.lmhingga100J.lm,pengaruh
ketebalanmembranpadakonduktifitasionikmeningkat2 kali lipat.MembranPEEK dankomposittermodifikasi
silikasecarajelasmenunjukkanpotensinyasebagaikandidatyangbaikuntukaplikasiDMFC denganketebalan
90 J.lmhingga100J.lmdanPEMFC 70 Ilm.
Kala kunci : Membranelektrolitpolimer,Polimerhidrokarbontersulfonasi,Konduktifitasionik
INTRODUCTION
Fuel cells are efficient devices that generate
electricityvia chemical reactionof fuelsandoxygen from
air. Fuel ceIls technology using hydrogen or alcohol as
fuel is a promising candidate system for portable
electronic device and automotive applications. This is
because of their attributes of high power density, low
weight, simplicity of operation, high energyconversion
efficiency andzero harmful emissions. Energy carrier of
fuel ceIls is more than 50 %, it is higher comparing to
internal combustion engine(15 %) [1,2].
Some of the most promising Proton Exchange
Membrane (PEMs) are developed at low temperatures
below 80°C using hydrated perfluorosulfonic acid
(PFSA) polymers, such asNafion® (Dupont), Flemion®
(Asahi Glass), Aciplex® (Asahi Chemical Industry),
Neosepta-F®(Tokuyama) andGore- Select®(W.L. Gore
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andAssociates).Although someof thesemembranes
wereoriginallydevelopedfor chlor alkali electrolysis,
theydemonstrategoodprotonconductivitieswhenused
as electrolytes in a PEM fuel cell. Some of the
requirements of PEMs, apart from high proton
conductivity,include good chemical,morphological
andthermalstability,excellentchemicaldurabilityand
low cost.
In orderto increasecharacteristicof electrolyte
membranelike ionicconductivity,mechanicalstrength
and thermal stability and to decrease methanol
permeability,someresearchersconductedexperimentby
addinginorganictiller suchasSi02, AIP3' ZrO inNation
membrane[3-6]. From thisapproachvariousfiller to
sPEEK havebeenemployed[7-9].Synthesizedcomposite
membraneof boron orthophosphateinto polymeric
matrixof sulfonatedPEEK producingionicconductivity
higherthantheblank sPEEK membrane[8]. But the
compositesmembranehaspores,which is notsuitable
for applicationof DMFC dueto high methanolcross
overvalue.Compositingmembraneoftetraethoxysilane
(Si02), titaniumoxide(Ti02), andzirconiumoxide(zrO)
intosPEEK polymerhavebeendonebyinsituhydrolysis
[9]. The resultsshow that the membraneslowering
methanolpermeabilitybutalsocould reducetheionic
conductivityof compositemembranes.
Influence of membrane thickness on the
characteristicsof the membranehas beenstudiedby
previousresearchers.Thethickermembranewill effect
on lower methanol permeability and lower ionic
conductivity. For DMFC application, the thicker
membraneproducesa higherOCV valuesdueto the
reducing of methanol crossover [10]. This paper
discussedaboutthe characteristicsof the composite
membranesPEEK (sPEEK +silica)andtheireffectson
membranethicknessvariations.Additionof silica(which
ishygroscopic)intothepolymerelectrolyteareexpected
to increasethe water adsorption on the membrane
surface.The presenceof water in themembranewill
increasethetransportof protons.
EXPERIMENTAL METHOD
Polyetheretherketone(PEEK) grade450-P in
powderformisobtainedfi:ombyVictrexInc.,Si02Powder
tromIndonesia,sulfuricacidtromMerck,95-98wt.%,
n-methylpirrolidonetromAldrichChemicalCorp.
PEEK wassulfonatedasdescribed[II]. PEEK
powder(5g)wasaddedintoconcentratedsulfuricacid
100mL undervigorousstirringfor 3 hoursat 60°C
temperature.To terminatesulfonation reaction,the
polymersolutionprecipitatedintoa largeexcessof ice
water. The polymer was washed repeatedly with
deionizedwateruntiltherinsewaterwasatpH 6-7.The
recoveredsPEEK weredriedinanovenovernight[11].
The composite sPEEK +Si membrane was
preparedby solutioncasting.The sPEEK polymerwas
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Figure1. Conductivitycell
firstdissolvedin n-methylpyrrolidone(12.5wt. %) to
prepareasolutionandthen3 wt.% of silicawasadded
to thesolutions.The resultingmixturewas stirredfor
24 hours. Solutionwere castonto glassplatesthen
driedat60°C for 72hoursto removethesolvents.The
thickness of resultingmembraneswasin therangeof
7011m,9011mand10011m.
The morphologyof membranesis analyzedby
transmissionelectronmicroscopyTEM-I 01O. Thecrystal
structureof particlesandmembraneswereinvestigated
usingX-RayDiffractometer(XRD) ShimadzuXD-6I O.
Water uptake was measured by immersing
membranes into water at ambient temperature
for 24 hours.Then the film was takeout,wiped with
tissue paper and weight at microbalance. Water
uptake(swelling)ofthemembranewascalculatedtrom
Equation(1) :
(Wwet- Wdry)!Wdryx 100(%) (I)
=Weightof drymembrane
=Correspondingwaterswollenofmembrane
film
Wateruptakeof membranewas estimatedfrom the
averagevalueof wateruptakeof eachfilm.
Proton conductivity was measured using
standard bridge LCR (Impedance Capacitance
Resistance),impedancespectroscopy(HIOKI 3522-50
LCR HiTESTER) withvariousfi:equenciestrom3kHzto
100kHz and20mV oscillatingvoltage.
The conductance of each membrane was
measuredat room temperatureunder fully hydrated
condition.A conductivitycellwasmadeupof twogold
foils carryingthecurrentandtwo gold wires sensing
thepotentialdrop,which was I cm apartas shownin
Figure I. The fully hydratedsPEEK membranewith
deionizedwaterfor24 hourwascutin I cmwide,4 cm
longpriortomountingonthecell.Aftermountingsample
ontotwo gold foils on the lower compartment,upper
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Figure 2. Transmissionelectronmicrographof silica
powder
Figure 4. Transmissionelectronmicrographsof silica
modifiedmembraneof sPEEK
compartmentwascovered,andthentheupperandlower
compartmentswere clampedas describedby authors
[12]. The protonconductivity(cr)of themembranecan
becalculatedusingEquation(2),
Lu=Gx- .
W.d (2)
Table 2. Thicknessdata,ionicconductivityandwaterswellingof
membranes
Membrane IonicWateruptake
Thickness(11m)
Conductivity.(% bib)
(S/cm)70
0,04530
90
88
1 0
, 2
RESULTS AND DISCUSSION
Figure 3. X-Ray diffractionof (a). sia, powderand
(b). sPEEK membranecontaining Sia,
Where:
G =Conductance(S)
L =The lengthbetweentheelectrode(cm)
W =Wide(cm)
d =Thicknessof themembrane(cm)
Themorphologycalobservationofthecomposite
membraneswasdonebyTEM (magnificationof25,000)
as shownin Figure 4. In this Figure, light region is
hydrophobicdomain(backbonepolymermatrix)anddark
regionis hydrophilicdomain(sulfonicacid groupand
particles).Figure4 showedhomogeneousdistribution
andlittleseparatedphasebetweenhydrophobicdomain
andhydrophilic.
Effect of membranethickness on the ionic
conductivity can be seen in Table 2. The ionic
conductivity increasedas the thicknessmembrane
decrease.It is becauseion move in relatively short
distances.BasedonTable2, it alsoshowedthatwater
uptakeincreaseas the thicknessmembraneincrease.
The amountof wateruptakedid not effecton higher
ionicconductivity.Theseresultssuggesthatmembrane
thicknesshas more effect thanthe membranewater
uptaketoincreasetheionicconductivity.In otherwords,
the thin membranewill influence on greaterionic
conductivity.
Thehigherionicconductivitywill resultinbetter
fuel cell performance[12]. Therefore,the effective
thicknessof sPEEK compositemembranefor PEMFC
applicationsis 70 11m,while for DMFC applicationis
about9011mto 10011m.
CONCLUSION
Ionic conductivity and water uptake were
investigatedatroomtemperature.The morphologyof
cross section membranesand silica powder were
observed by TEM. In the composite membrane
(sPEEK +silica),ionic conductivityincreaseswith the
decreaseofmembranethickness.In theotherhand,water
uptake increaseswith the increasesof membrane
6050
Thesizeof silicaparticleestimatedviaTEM with
magnification25,000is shownin Figure2. Fromthis
figurethesizeof silicais about50nmto 100nm.
The crystal structure of particles was also
analyzedbyXRD, asshowninFigure3. Figure3showed
amophoustructureof silicapowderandsPEEK +silica
membrane.
Surfacepropertiesof particlesareanalyzedby
pH slurry.Theslurrywascomposedby0.5gofparticles
powderper0.1 of bi-distilledwaterwhichstirredfor
about24 h andthenanalyzedby pH meter.The pH of
silicaslurryis3.5.Absorbsionanalysisis carriedoutby
BET method,whichgavesurfaceareaandporediameter
ofparticles,forsilicaareI83m2/gand8.3nmrespectively.
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thickness.The appropriateselectionof themembrane
thicknessfortheapplicationof solidpolymerelectrolyte
fuelcellswill improvetheperformanceof fuelcells.
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